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1. Begenue. Kpasukorepenrnas moga (KKM) xo-
JIebaHuil TIa3Mbl PErUCTPUPYETCST BO MHOTUX PEXKHU-
Max TOPeHHusl IJIa3Mbl B TOKAMAaKaX, MIPEUMyIIECTBEH-
HO B BHUJIE BO3MYIIEHUI [JIOTHOCTHU ILIA3MBbI, BO30Yy¥K-
JIAEMBIX HA 9acToTax nopsjaka coren K['1. JlanubIi Tamn
MEJIKOMACIITaOHbIX KOJIeOaHUi HAOII0NAeTCI KaK B Y-
cTo oMmuecKoii miasme [1], tak u mrasme L-moxpt (low
confinement mode) 1IpU UCIIOJL30BAHUU CUCTEM JOTIOJI-
HUTEIBHOrO Harpesa wiasMbl [2,3]. Cxoxuil Tunm ko-
JebaHuil, Ha3BaHHBINA KaK CJIab0-KOrepeHTHas MOJa KO-
siebanuii mnasmbl (weakly coherent mode), Takxke 06-
HAPYXKUBAETCA U B PEKMMAX YJIyUIIEHHOTO YJIEprKa-
HUAA TIa3Mbl B D-00pa3HbIX KOHMUTYPAIMSX, HAIPU-
mep, B I-mome (or amri. improved confinement mode)
[4]. Bruta Tak:ke moKazaHa BO3MOYKHOCTH OJHOBPEMEH-
HOT'O CYIIECTBOBAHUSA JIBYX KBA3UKOI€PEHTHBIX JaCTOT-
HBIX IIMKOB B CHEKTpe KOJeOaHu#l IUIOTHOCTH ILIa3MBbIL:
ruzkovactorHas KKM (HY KKM), nHaseiBaemasi Ipo-
cro KKM, ecin Hab/io1aeTcst JUIIb OJUH XapaKTEePHBIH
nuk, u BeicokodacrorHag KKM (BY KKM). dna upu-
Mepa cM. puc. 25 B padore [1], rne HY KKM o6o3naue-
Ha kKak LF QC mode, u B4 KKM — kak HF QC mode.
PaccmaTrpuBanack BoaMoxkHOCTD nHTepIipeTammn KKM
KaK MOHHOI TeMIilepaTypHO-IPaJUEeHTHON HeyCTORYUBO-
cru (ITG-mode) mim HEyCTONYMBOCTH HA 3allePTHIX
ssnektponax (TEM) [1, 5], onnako npuamna Bo3GyxKIe-
HUsl KBA3WKOTEPEHTHBIX KoJieOaHuil moka elie He ycra-
HOBJIEHA.
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OKCIHEPpUMEHTH HA TOKaMaKax IOKa3bIBAIOT, YTO
pa3BUTHE KBA3WKOTEPEHTHDBIX OCIMJIISINN, KAK ITPaBU-
JIO, KOPPEJIUPYET C IEPEXOIAMI MEXK Ty PA3JINIHBIMU Pe-
KUMaMU yAep:KaHusl 1ia3Mbl. Tak, Haopumep, BbIpa-
KenubIit qactoTHbll Tuk KKM mpomamaer co ciekTpos
duryKTyaruii IIIOTHOCTH IJIA3MBI [TOCJIE IEPEX0a U3 TaK
HA3bIBAEMOT'O PEXKNMa JIMHEHHOTO OMUYECKOTO y/epKa-
aust (linear ohmic confinement, LOC) B pexkum Ha-
CBIIIEHHOI'O OMHYECKOTI0 yJepxKaHus Ia3Mbl (saturated
ohmic confinement, SOC) [5]. B paspsinax ¢ D-o6pasnoit
KoHUrypaIyeil cedeHns Ia3MeHHOro MHypa ObLIO 1O~
Ka3aHO, YTO pa3BUTHeE cJ1ab0-KorepeHTHO! Mobl (weakly
coherent mode, WCM) kosebanuil mia3Mbl Ha Kpalo
wiasmbl r/a > 0.95, rae ¢ — MaJblil pajuyc IIa3MeH-
HOTO MITHYPa, KOPPEJIUPYET C TIEPEXOJIOM B PEXKUM YIIy -
MIEHHOTO yaepKauust miasmbl [6]. K Hacrosimemy Bpe-
MeHH 00'bsICHEHUE JTAHHBIX [IPOIECCOB U UX CBSI3U C Pa3-
putrneM KKM ne naiigeno.

B ormmume or KOTepeHTHBIX KOJIeOaHWH IIIa3MBHI,
3aHUMAOIINX y3KYyI0 4acTOTHYIO moJsiocy Af Mmaciira-
6a wmeckosbkux KI'm ¢ Af < f, kak, Hampumep,
reoziesnyeckasi-akycruaeckast Moga (TAM) kosebannii
mwasmel 7], ana KKM xapakTepHa JT0CTATOYHO MUPO-
Kasl 9aCTOTHAS 110JI0CA MACIITaba HECKOJIBKUX JECATKOB
k' ¢ Af = f. Ilpu srom, cnexkrpaiabubiii nuk KKM
06bI4HO pacnosaraercs Ha dacrorax > 50 k' [8-10], u
UMeeT XapaKTEPHOE KOJOKOJIOOOPA3HOE AMILIUTY/IHOE-
qacToTHOe pacupenenenne. VccnemoBanus KKM, BbI-
MOJTHEHHBIE HA PA3JINTIHBIX YCTAHOBKAX, MMOKA3AJIH, UTO
JUISI ee TIOTIEPEYHOro BOJIHOBOTO 4HCIa k| XapakTep-
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vo coorsomenue 0.02 < kip; < 04, toe p; — Jjap-
MOpOBCKuii pamuyc Ha noHa |[8|. IomonmanbHoe Momo-
BOE YHCJIO 1 BO3MYIIEHUN IJIOTHOCTH JIEXKUT B JTHAIA-
3ome 20 < m < 50. IIpu sTom daszoBass CKOPOCTH COOT-
BETCTBYOIINX BO3MYIIEHUI IIJIOTHOCTA OPUEHTHUPOBAHA
B CTOPOHY 3JIEKTPOHHOI'O JHAMArHUTHOTO Jpeiida, Tem
CaAMbBIM YKAa3bIBasi Ha 9JIEKTPOHHbBI MEXaHU3M PACKAUKN
KBAa3UKOIE€PEHTHBIX KOJIEOAHUI, HAIIPUMED, Ha MOy Ha
3aIEePTHIX JTEKTPOHAX.

Ha ycramoske T-10 KKM nabsonanack B Bujie KO-
JiebaHU TIJIOTHOCTH TLIA3MbI KAK B OMUYECKUX PEKAMAX
TOPEHUsI IJIA3MbI, TAK U B PEXKHUMAX C JOMOJTHUTETbHBIM
OIIP-narpeBoM MmIa3Mbl CO CPETHEXOPAOBON JIEKTPOH-
HOI [IJIOTHOCTBHIO IUIA3MBbI B Auamasone 1.5x 1019 < @, <
4 x 109 M3 [1]. IIpu 5TOM OJHOZHAUHBLIX KOPpPeJAIIHil
MEeXKTy BpeMeHHoit sBostorueit mapamerpoB KKM u n3-
MEeHEeHUEeM TJI00AJIBHBIX TaPaMETPOB IJIa3Mbl B TEIEHUN
pa3psiJia Ha HACTOSIIIUI MOMEHT He obHapyzkeHo. OmHa-
KO OTMETHM, 9TO, KAK IIPABUJIO, IIPYU BKJIIOUYEHUHU JOTIOJI-
aureapbHoro DIP-HarpesBa maa3Mbl MPOUCXOIUT 3aMeT-
HOE CHUKEHUE IEHTPAJbHON JaCTOThI THNKA KBA3UKOIe-
PEHTHBIX KOJIeOaHMiT IIPU OJHOBPEMEHHOM HAPACTAHWUN
ero ammmaTy el [11]. B cayvae HU3KO# CTOIKHOBUTEN-
HOCTH 9TO CHUKEHHE YaCTOTHI COMPOBOXKIAETCS 3aMET-
HBIM Cy2KeHreM JacToTHoro murepsasa KKM [12].

HepaBuue uccnenoBanuss TypOyJIEHTHOCTH I1JIA3MbI
na ycranoske T-10 mokazamm, aro KKM moxker Tak-
JKe TPOSIBJISITHCS B BHJIE BO3MYINEHUH 3JIEKTPUIECKO-
ro norennuana miasmel [11]. Xors #a nepudepun D-
obpazmoit mrazmbl y KKM 6bl1a oOHapy»KeHa u Mar-
HUTHAasT KOMIOHeHTa [13], 910 HabJofeHUE HE HOBJIH-
SJI0 Ha CJIOXKUBIIIEECS] MHEHHE 00 3JIeKTPOCTATUYECKOM
npupoge KKM, noareepKieHHOE OTCyTCTBAEM HAOJIIO-
genuit MarauTHON KoMmmoHeHTH! KKM B meHTpabHBIX
00JIaCTSIX IJIa3MBbI, 8 TAKXKE B KPYIJIBIX TOKAMAKAX.

Pabora mnocssiena 3KCIepUMEHTAIBLHOMY HCCJIe-
JIOBAHUIO 3JIEKTPOCTATUIECKUX W MATIHUTHBIX CBONCTB
KKM B omwmueckoii masme kpyrsioro tokamaka T-10.
PesynbraTel m3MmepeHwmii MOATBEPIKIAIOT 3JIEKTPOMAT-
nutHyio npupoay KKM, uro pacmupsier coBpeMeHHbIe
MIPEJICTABIEHNST O MEJIKOMACIITabHOW TypOy/IeHTHOCTH
ropsadeii mra3mMbl. Pabora opraHm3oBaHa CJIEIYIOIIIM
obpazom. Cxema 3KCIIEpUMEHTa IIPEICTaBIEHA B pas-
nene 2. CrHeKkTpaJibHBIE U KOPPEJISIIMOHHBIN aHAJN3
KojebaHmit TIa3MbI, a TaKXKe OOCyXKIeHne HuX pe-
3yJIbTATOB IIPEJICTABJIEHbI B pazjese 3. 3aKJIOUYeHne
[PUBEJIEHO B TOCJIEHEM pa3Jielie.

2. CxeMa 9KCIIEPUMEHTA. DKCIIEPUMEHT [TPOBEJIEH
B OMHYECKOH Iuta3Me Tokamaka T1-10 (Gosbiioit pau-
y¢ R = 1.5m, massiii paguyc a = 0.3M) ¢ BoJbdpa-
MOBLIM JimmuTepoM [14]. MccienoBan pexKuM ¢ TOKOM
wia3Mbl I, = 230 KA, MarHuTHBIM II0JIEM Ha OCH ILIa3-

Mbl By = 2.25 Tut, 9T0o cooTBeTCTBOBAJIO (haKTOPY 3aria-
ca yCTONYHBOCTH Ha TPAHUIE oy (a) ~ 3. Hanpasrenue
TOKA, COBIIAJIAJIO C HAIIPABJIEHHEM TOPOUIAJIHBHOTO TIOJIS.

ITpoduiiu sstexrponnoii remueparypst (1) ObL1n 13-
Mepennl npu nomornu ECE-pamgumomerpa, paboraromniero
HA BTOPOIl rapMOHWKE 3JIEKTPOHHO-ITUKJIOTPOHHOTO pe-
30HAHCA 2Wee, U CHCTEMOI TOMCOHOBCKOI'O DACCESHUSI
(TS), HACTPOEHHOI Ha JJIMHY BOJIHBI JIA3€PHOIO U3JIy-
genuss A = 532 uam. [Ipoduimm 3/1eKTpoHHOI IOTHOCTH
WI1a3Mbl (Ne) 6bLIN U3MEPEHBI C IIOMOIIBI0 KOMOMHAIIN
mukposoaHosoro u HCN jnaseproro uarepdepoMeTpos.
IMpocduiu nonnoit remueparypst (T;) ObLM U3MEPEHBI
METOJIOM TIepe3apsII0THO-PEKOMOUHAIIMOHHOM CIIEKTPO-
CKOIIMM TI0 JIAHHBIM WHTE€HCUBHOCTHU CIEKTPAJIHLHON JIU-
mmn moma CPF (A = 5291 A). Bpemennbie ocrmmio-
rpaMMBbl OCHOBHBIX ITAPAMETDPOB pa3psijia n300parKeHbl
ma puc. 1. Ha mporszkenun dasbl pas3psga ¢ MOCTOSTH-

Shot #73094, OH-plasma
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Puc. 1. (IlgerHoit onmaitn) BpemenHast 3BOJIIOIMs OCHOB-
HBIX IIApPAMeTPOB IIa3Mbl: (&) — TOK IIa3Mbl I, cpejHe-
XOP/IOBast 3JIEKTPOHHASA TLIOTHOCTH IIJIA3MBI Tle, 3allaCeH-
Hasl Heprusl WiasMeHHoro muypa Waia; (b) — nentpass-
Hag nekrpornas Te(0) u nonnas T;(0) TemuepaTypsl, 3e-
JIeHasl TyHKTUPHAs JIUHUAS — alllPOKCUMAIIUS JJIs BCEX UM-
yJIbCOB UCCJIEIOBAHHOTO pexkuMa. VIHTepBaJ n3MepeHus:
dryKTyanuii m1a3Mbpl OTMEIEH CEphIM IBETOM

HBIM TOKOM IUIa3Mbl ([, = const) MeJIeHHBIH cIas 7.
COIIPOBOXKIAETCS MTPAKTUIECKY JIMHEHHBIM POCTOM II€H-
TpaJibHOI T, TPU 9TOM HEPrOCOJEpKAHUE ILIA3MEH-
HOTO IIMHypa OcCTaBajoch Ha ypoBHe Wy, ~ 10xlx
Ha TpOTsizKeHnn (Has3bl m3MepeHuit (hIyKTyannit mias3-
MBI COIJIACHO CHUTHAJIY JUAMATHUTHOW meryin. VomHast
remeparypa B nenrpe miasMbl T;(0) ocraBajiach mpak-
TAYECKN HEU3MEHHOM.
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Uccaenosanus diyKryanuil I1a3Mbl Ha CTOPOHE
cnaboro marmurnoro mnosigt (CCMII) ycramoBku mpo-
BOJIMJIUCH C HCIIOJIb30BAHUEM MHOIOKAHAJILHOMN JMArHO-
CTUKHU 30HIUPOBAHUS Iy IKOM TsKe 161X nonos (3IITIT)
[15]. DTa muarHocTHKA, 3aJyMaHHAS ¥ [IEPBOHAYAIBHO
UCIIOJIb3yeMasl JJIsi U3MEPEHUl paIiaJlbHbIX PACIIpejie-
JleHuil moTeHnuAaNa WIa3Msl [16], B qasbHelimeM JoCTHT-
JIa YPOBHsI KOMILIEKCHO JIMArHOCTUKU JIEKTPUIECKOIO
noTeHnuAaa u TypoyaeaTHocTH [17].

B neckombkmx 00J1aCTIX M3MEPEHHUH OTHOBPEMEH-
HO U3MEpsNCh (DJIYKTYalud 3JIEKTPOHHONW ILIOTHO-
CTH IUIA3MBbl 0T /N, JIEKTPOCTATHYECKOrO [IOTEHIINA~
JIa, IJIA3MBL (Pp), & TakkKe (QIyKTyallid TOPOUIAJILHOrO
CIIBUTA 30HUPYIONIUX UOHOB B JETEKTOPE YHEPreTHYe-
CKOTO aHAIM3aTOpa (g, BBI3BAHHBIX MATHUTHEIME (IIyK-
TyalusMH II1a3MblL. Besmdnaa (g oTpaxaer Kak Jo-
KaJIbHbIE (DJIYKTYAIUMH TOPOUIAILHON KOMIOHEHTBI MAr-
HUTHOTO BEKTOPHOTO roTenrmama As B obmactu m3me-
PeHwUii, TaK U MHTEerpajibHble XapaKTePUCTUKY (DILyKTY-
aluii, BO3HUKAIONIUX BJOJIb TPAEKTOPUIl 30HIUDYIOIIUX
nonos. HecMoTpst Ha TO, 4TO, KAK IIPABUIIO, B SKCIIEPU-
MEHTAJIBHOM CHIHAJIE (g JOMHHEDYET JOKAIbHBI d4leH
[18—20], B marHOit paboTe paccMaTPUBAETCSI CyMMAPHBII
BKJIaJl TaKuX (DIIyKTyaruii.

OzHOBpeMeHHbIe M3MEPEHHs II03BOJIUJIA HCCIIeI0-
BaTb KOPPEJIAIMOHHBIE XapPAKTEPUCTUKH TypPOYyJIeHT-
Hocru. Ksajparndublii KodpPUIUEHT KOrepeHTHOCTH
MeX/Iy aByMs curHasamu z(t) u y(t) omnpeensics Kak

2 _{®(x) x 2" () 1)
(12(@)%) x ([ @)[*)’

rae ®(x) — Dypbe-obpas curnana z(t).

Kpoce-daza
MexKAy ABYyMsdA HCCJIeAYEMBIMH CHI'HaJIaMH OIIpeieJsid-
JIaCh KaK

a(z,y) = arg(®(z) x 2*(y)), (2)

rie P*(y) — KOMIUIEKCHO-CONpsi?KeHHasi (DyHKIHSI
Oypre-obpaza. Jljas mOJONIANIBHO CIBUHYTBHIX 00JIa-
CTell M3MEepeHuil I0JIouJaJbHasd JJIMHA BO3MYIICHUI
BBIMUCJISJIACH KAK

)\9 = 27Tlg/04, (3)

e o — Kpocc-dasza, a lg — paccTosiHIe MKy TOUKaMU
nabsogenus (umeer macmTab oT 1 10 HECKOJILKUX CM).
[MonmongaabHbIil HOMED MOJBI KOJIEOAHWIA BBITHCIISIIICS
KaK

(m = 27r)/ A, (4)

rae r COOTBETCTBYET TeKyllleil pagualbHOl KoopauHare
n3Mepenuii. BosiTHOBOE YMCIIO BBIMUCISAIOCH KAK

k =21/ X (5)
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CursaJjibl BBICOKOYACTOTHOI'O MATrHUTHOTO 30HJA
(M3), ycraHOBJIEHHOTO B TEHH NOJOHIJAIBLHOTO BOJIb-
dpamosoro aumurepa wa CCMII, 6b11H HCIOJIB30BAHDBI
JIJIsT ONACAHUS CIEKTPOB MATHUTHBIX BO3MYIIEHUIT BHE
mwiasmbl. Obsactu u3mepenuit M3 u 3IITU pacnosa-
rajiuch BOJIM3U 9KBATOPHAIBHON MJIOCKOCTU YCTAHOBKHU
ma CCMII. g omeHKH TOJOUAAJIHLHOIO MOIOBOIO
YUCa  JIOMUHUPYIOMIEr0 MATHUTHOIO — BO3MYIIEHHUS,
OBLIM KMCIIOJIb30BAHbBI JaHHble 24 HM3KOYaCTOTHBIX M3,
PABHOMEDPHO PACIIOJIOXKEHHBIX BJIOJIb OJOUIAIHHOTO
06x0/1a yCTAaHOBKY B cedeHnu jumurepa [21]. s uame-
pernsi GIYKTyalnil IABAIOIEro MOTEHINAA, [IJIA3MBI
Qf1, & TaKyKe IJIsl M3MepeHus: 0N./n. Ha mepudepun
IJIA3MbI OBLJIM HMCIIOJIb30BAaHbI JIEHTMIODOBCKUE 30H]IBI
(JI3), ycraHOBJIEHHbIE HA IOJBHXKHOM MAHUILYJISITODE
na CCMII.

3. PesynbTaThl m obcyxkaenme. Ha pucynke 2
OpPEeCTABIeHbl TUIMYHbIE crekTpbl Momuoctu (Power
spectral density, PSD) kosieGanuii pa3aiuaHbIX I1Ia3MeH-
HBIX IApPAMeTPOB, M3MepeHHBbIX ojHoBpeMerno 3IITU
u JI3 B (uKCHpPOBAHHBIX TOYKAX BHYTPH ILIA3MEHHO-
ro muypa, a takxke M3. Ob6sacts nHabsogenus 311-
T maxommiace Ha r/a = 0.72, rue r — pajuajbHas
KOOp/IMHATA, B TO BpeMsl Kak MaHumysaarop JI3 6bu1
BasunyT Ha 7/a = 0.98. M3 6bu1 3adbukcupoBan Ha
ormerke 7/a = 1.1. IlpencraBiennble CHEKTPBI yCpe-
HEHBbI BO BPEMEHH B KBa3WCTAIIMOHAPHON da3e paspsi-
na t = 550—950 Mc 1yIsi HOBBIMIEHUSI UX CTATUCTAYE-
CKOU HaJIe2KHOCTHU. J[aHHBIE CIPYIIIIMPOBAHBI 10 ITBETAM:
KPACHBII [BET KPUBBIX COOTBETCTBYET CIIEKTPAM KOJIE-
Ganuil IoTHOCTH (dNe)/Ne, CHHUIA — CIEKTPAM KOJe-
GaHuit moTeHnMaa miasMbl. Huskogacrorabie obmactu
cuekrpos (f < 40kHz) nokazaubl Ha HpaBoil cTOpoHE
puc. 2.

Pucynok 2a,c mokasbiBaer cymecrBoBanne KKM
KaK MIUPOKOr0 YaCTOTHOIO MUKa B obyiactu gactor 50—
200 kI'iy va criekTpax dne /ne, uamepsiembrx 3IITU u JI3.
Har/a = 0.72 cuekrpasnsubiii tuk KKM ¢ nenrpasnbHoii
JacToToll foom = 85 kI'm mMeer MOMHYIO IMUPUHY HA
yposHe mojioBuHbI BbicOTbI FWHM ~ 110 xI'11. Ha repu-
depun wrazmsr KKM nmeer foom = 75 xl'n ¢ FWHM
~ 55 k', Pazmumums mexiy aByMsi 00JIACTAMM ILIA3-
MEHHOTO ITHypa 00Jiee BBIPA2KEHbI Ha CIIEKTPax KoJieba-
Huit norennuana miasMel. Ha cnekrpe (¢ KKM mpen-
CTaBJIeHa OTYETIIMBBIM THKOM Ha CIIEKTpE @y (pHC. 2¢),
B TO BpeMsi KaK BO BHyTPEHHEl 00JIaCTH IJIa3Mbl YACTOT-
woiit tuk KKM nMeer aMmmmTyny oCHusinii 0, Tu3Ky 10
K ypoBHIO 1yMa (puc. 2).

3mech obparaer Ha cebsi BHUMAaHHE BbIPAYKEHHBIH
YACTOTHBIM TUK BOJIN3W HUXKHEHl T'DAHWIBI WHTEPBAJA
gacTroT KKM B cekTpe ¢, a nmenso, Ha f = 60 kI,
KOTODBII paHee He HAOJIONAJICS B IJIa3Me HU C OMEYIe-
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Shot # 73094, t = 550-950 ms
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Puc. 2. (Ilpernoit omnaiin) Hopmann3oBaHHbBIE CHEKTPBHI IIIOTHOCTH MOIIHOCTH Kostebanwmit: (a), (b) — OTHOCHTENBHBIX KOJIe-
GaHnil 97EKTPOHHON IJIOTHOCTH U IIOTeHImasIa Iwia3mbl, u3Mepenusix SIITY (HIBP); (¢), (d) — orHocHTeIbHBIX KOJI€6AHMIA
JIEKTPOHHOM IUIOTHOCTH ¥ ILIABAIOIIErO HOTeHnmasa Iua3Mmbl, namepenusx JI3 (LP); (e), (f) — marnuTHBIX KOIebaHUiA,

u3MepeHHbIX BHYyTpH 1iasmbl SIITU u Bue masmer — M3 (MP)

CKHUM, HU C JIOTIOJHUTEJILHBIM HATPEBOM. DTOT 9aCTOT-
Hblil ik Habsomgaercs npu nomoru 3IITU kak Bozmy-
IeHNe MOTEHINAJA BO BHYTPEHHUX ODJIACTSX ILJIA3MBbI.
Ero uccimemoBanme octaercst BHE paMOK JTaHHON PabOTHI.

CruekTpbl MarHUTHBIX KOJIEOAHUN IOKA3aHBI Ha
puc. 2e,f. Ilupokuit crnekrpasbabii k. KKM or-
YETJIMBO BHJIEH HA CIHEKTPE MOIIMHOCTH MATrHUTHBIX
BOSMYIICHUH (g BHYTPH ILUIA3MbI, BHE €€ OH TaK-
K€ PErucTpupyercs, XOTd U MeHee OTJYeTJInBO. B
HU3KOYACTOTHBIX  O0JACTSAX CHEKTPOB  KoJiebaHwmit,
n3mepennbix JI13 n 3IITU, npucyrcrByIOT ClieKTpaJib-
wele mukn TAM u MIJI tupusr-monsr ¢ m/n = 2/1
(puc. 2b,d). Ormerum, uro toHkas crpykrypa ['AM
[IPEJCTABIEHHAsT OCHOBHBIM YaCTOTHBIM IukoM ['AM
Ha fGAM,main = 18kI'II U €ro BBICOKOYACTOTHBIM
caTe/UINTOM Ha fgaM,sat = 21k['m, mpossisgercsa Ha
000UX CIEKTpax @p H (4 B OCHOBHOI ILIA3ME, 9UTO

[IO/ITBEPXKIAET IIPEKHME HADJIONEHUS MATrHUTHON
kommorenTel TAM [22].

Ha nepudepun mwiazmsl, npu r/a = 0.98 nabiroga-
eTcsl TOJILKO OCHOBHO# wacroTHbiii muk ['AM Ha crek-
Tpe @1, YTO COTTIACYETCHA C NMPEKHUME HAOJIIOEHIAMM
pagmanbHoii crpykTypbl TAM [22-24]. Ha cnekrpe mar-
HUTHBIX BO3MYyIeHnii, ndamepenaom M3 Bumnbr dyHIa-
MeHTaIbHasA fre = 6.7K[H, Bropas 2f,2 = 13.4x['n n
Tpethbs 3 fr2 = 20.1 k't rapmonrnku mozet MU/ Tupunr
mozel m/n = 2/1 (puc. 2f).

Pucynok 3 moka3piBaeT CTATUCTAYECKU 3HAYUMbIE
JIaJbHIE KOPPEJISIIIUU MEXKJIy MATHUTHBIMU U JIEKTPO-
crarmdecKkuMu kKoJsiebanusmu B obsactu dactor KKM,
YTO JONOJHUTEIBHO IOITBEPKIAIOT JIEKTPOMATHUAT-
uyto npupony KKM wa mepudepun mnasmber. Bakwao
OTMETHUTDb, 9TO yIiiyOsenune noJiokenust JI3 B miasmy
IPUBOJUT K PE3KOMY HAPACTAHUIO KBAPATHUIHOIO KO-
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Puc. 3. (IBerHoit onaiin) YacTrorHblii ciekTp Koaddunu-
€HTa KOI€PEHTHOCTU MEXK/Iy MAarHUTHBIMUA (DIIyKTYAIIASIME
¥ QIYKTyalUsIMY IJIABAOIIEr0 TOTEHIINAIA U ILIOTHOCTH
Ha nepudepuH JIa3Mbl, BEIYUCIEHHBIN [IJIsi AP CUTHAJIOB
JI3 (LP) mw M3 (MP). KpacuHasi n cuHsAs1 KDUBBIE COOTBET-
CTBYIOT PaJuabHBIM nojoxkenusaM JI3 wa r/a = 0.98 u
M3 ma r/a = 1.1 (# 73094), 3enenas u opanxesasi — JI3
ma r/a=0.97u M3 ma r/a = 1.1 (# 73099)

s dunuenTa korepertaocTr Y2 maa KKM. Tem caMbim
MOYKHO IPEJIOJIOKUTE, 94T0 nctoaank KKM pacmosto-
2K€H B OCHOBHOII IJTa3Me, UTO COIJIACYeTCs C MPEeKHUMU
HaOJIIOIEHUSIME €€ PAIUAIbHON CTPYKTYDPHI [25].
AHaju3 KoppeJisiiii MAarHUTHBIX KOJIEOaHUI MeXK Ly
coceqaumn kanagamu SIITH nokasbiBaeT MOHOTOHHDIM
cra 1 K03 UIIenTa KOTepeHTHOCTH Y2 B 06JIACTH 1uac-
tor KKM 1nipu yBemmaennn noJion1aabHOrO PACCTOSTHUS
MeX Iy Toukamu uamepernii (puc. 4a). IIpu sTom Besm-
qnHa Kpocc-Ga3bl (v MOHOTOHHO HApPACTAET, 9TO YKa-
3bIBAET HA HEIPEPBIBHBIN XapaKTep paciIpOCTPaHEHUS
MarHiTHOTO BO3MYIIEHUS OT BTOPOrO KaHAJa K Hambo-
Jiee YIAJEHHOMY ISTOMY, [JI€ (v JOCTUrAeT ~ /2, CM.
puc. 4b. TlonoxkuTe/bHBII 3HAK yTJla HAKJIOHA ¢ B 00-
nactu gactor KKM cooTBeTcTByeT HAIpaBJIEHUIO pac-
[IPOCTPAHEHNs] KBA3UKOTE€PEHTHBIX MAIHUTHBIX BO3MY-
IEHUIT B CTOPOHY 3JIEKTPOHHOI'O JIMAMATHUTHOIO Jpeii-
da, 9TO COBIANAET C HAIIPABJIEHUEM PACIPOCTPAHEHUS
BO3MyleHuil 1worHocTH 1aa3Mbl [1]. Boume 250 kI’
CTATUCTUYECKU 3HAYNMBIX KOPPEeJIAnii OOHAPYKEHO He
OBLIO, W BEJIMYMHA (¢ KOJIEDJIETCsI CTOXACTUYIHO BILIOTH
110 500 k', B suskogacroTHoil obstactu f < 40 kI'1 Ha-
OJIFOIAIOTCST CTATUCTUYECKN 3HAYUMBIE KOPPEJISIUU Ha
yacrorax [AM u MI'I tupunr-mozsr m = 2.
XapakTepHasi MOJIOUJAJIbHASA JJINHA BO3MYIIEHUN
MarauTHO# KommonenTsl durykTyanuit KKM cocrasiis-
er \g = 1.8—3.3 cMm. ITosmonmajibHoe MOIOBOE YUCJIO HAa-
xoauTcs B jguanaszone m = 25—50. MOHOTOHHBIH cra
K03 durmenTa KOrepeHTHOCTH TTO3BOJISET OINEHUTH 10~

IIucema B 2KQT® Tom 119 sBem. 11-12 2024
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Puc.4. (Llpernoit omnaiin) YacrorHble crnekTpb:: (a) —
kBapaTnaaoro kodddunmenta korepeatnoctu u (b) —
Kpocc-aznl
MEXKJTy COCETHIMU TPOCTPaHCTBeHHbIME KaHasamu ST T

MarHUTHBIX BO?)MyH_IeHI/II‘/JI7 BbIYMCJ/ICHHBbIEC

(HIBP), a wMeHHO, BTOPBIM H TPETHAM, BTOPBIM W 9€T-
BEPTBHIM, BTOPBIM M HATBIM. JaCTOTHBIE JUAIA30HBI, CO-
OTBETCTBYIOIIIHE I'€0Ie3NIECKON-aKyCTUIECKON 1 KBA3UKO-
FEPEHTHOMN MOJIaM, BBIJIEJIEHBI [[BETHON MITPUXOBKOIL. (¢) —
3aBucuMocTb K03 DUIIEeHTa KOTePEHTHOCTH IS MArHUT-
HBIX KBAa3WKOT'€PEHTHBIX KOJIEOAHUII IJIa3MBbI OT PaCCTOs-
HUs MeKy ToukamMy uaMepenunit. lIITpuxoBkoit orMmeden
YPOBEHb IIyMa

JIONJAJIBHYIO KOPPEJISIUOHHYO JJINHY JJIsi KBA3UKOTe-
PEHTHBIX MarHUTHBIX Kojebauuit or 2.8 1o 3.5 cM, s
npuMepa, npuseneHHoro Ha (puc. 4c) lp = 3.1cm. Xa-
PAKTEpHBI MacmTab KBa3WKOTE€PEHTHBIX MATHUTHBIX
daykryamnuii cocrasisier 0.07 < k) p; < 0.2, uro cos-
[aJ1aeT ¢ XapaKTePHBIM MacIITabOM aHAJIOTUIHBIX BO3-
MymieHuii wiorHocTH [8].

UccnenoBanne JAJIbHAX TPOCTPAHCTBEHHBIX KOPPE-
sttt mexky curnasamu 3IITU, wamepennbiMu Ha
r/a = 0.57, 0.72 u curnajsom M3, u3MepeHHOM HAa
r/a = 1.1 (puc. 5), He IOKA3aJI0 NPU3HAKOB CTATHCTAYE-
CKOH CBSI3M MEXKJIy MArHUTHBIME (DIIYKTYAIUSIMHI B 006-
gacrn gactor KKM (50kI'n < f < 200kI'n). Hampo-
TUB, B 00JIACTH HU3KUX YaCTOT HAOJIIONAETCS BBICOKUMN
YPOBEHb KOI'€PEHTHOCTH it (PYHIAMEHTAJIBHON U BTO-
poit rapmoruk MIJI TupuHr-MOIBI m = 2, a TaKkKe JJIs
ere onHoil HuskodacroTHO MIJI Momer ¢ f = 2.7 k[,

Kpome Toro, crarucrudecku 3HaAYNMbIE KOPPEJISIITAT
Ha0JIFIOIAIOTCS HA, YACTOTaX OCHOBHOI'O U CATEJLIMTHOTO
nukos 'AM, 18 u 21 kI’ cOOTBETCTBEHHO.
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Puc. 5. (IIsernoit omaiin) YacToTHBIE CHEKTPBI KBAIpa-
TUYIHOrO KO3 PUIMEHTa KOIePEHTHOCTH MEXKJ[y MarHHUT-
HeiMu urykryanuayu 3IITU (HIBP) — Ca, 1 M3 (MP) —
By, u3MepCHHBIC Ha CTOPOHE CJIa60I0 MATHHTHONO IIOJI
ycraHoBku. Ilomoxkenue M3 6bLio 3aduKCHpOBaHO MIPHU
r/a = 1.1. CrpenkamMu ykaszaubl fmo = 6.7k, 2fme =
13.4 KFI—L7 fGAM,main =18 KFH: fGAM,sat =21 KFH

PaccMorpuM MArHUTHYIO M 3JIEKTPOCTATUYECKYIO
KOMIIOHEHTBI TYPOYJIEHTHOCTH C TOYKU 3PEHUsI OUCIIEK-
TpaJIbHOTO aHasm3a [26, 27]. CrarucTuiecku 3HAYNMBII
K03 PUImIenT GHKOTePEeHTHOCTH, OIPEIEIsIeMbIil KaK:

[(R(f1) x B(f2) x (f1 + f2)")[?
(12(f1) x 2(f2)17) x |®(fr + f2)*])’

YKa3bIBa€T Ha HaJUIAE TPEXBOJHOBOTO B3aI/IMO,ILeI7'I—

v =

(6)

CTBUS MEXKJy PA3JIMIHBIMA YACTOTHBIMU KOMIIOHEHTa-
Mu TypOynenraHoctu. Ha pucynke 6 nokazaH CHeKTp
KB [PATIIHOH OMKOIePEHTHOCTH b? BBIMICICHHON MexK-
ny curnasamu SIITU, uamepeHHBIX B pA3JIMIHBIX TOY-
Kax IJ1a3Mbl. PacCMOTpEHbI TPOMKYM MArHUTHBIX CHUTHA-
JIOB fd, U3MEPEHHBIX B COCEHUX TOYKAX (J1eBasi KOJIOH-
Ka), H TPOHKN CUTHAJIOB Ppl, ONe /N, (4, I3MEpEeHHDIX B
OJIHO# TOUKe (IIpaBasi KOJIOHKA).

Ha pucynke 6a,b, r/a = 0.85, nokazano, 4ro s
MaruuTHO# cocrapisionieit KKM komebannit Haboma-
€TCsl TPEXBOJIHOBOE B3aUMO/IENCTBUE MEXKY PA3IUIHbI-
MU 9aCcTOTHBIME KoMIoHeHTaMu criekTpa: FAM u KKM,
oM = 0N | (oM

Pucynke 6b moka3piBaer, 4TO HapsLY C TPEXBOJ-
HOBBIM B3anMOJIeficTBUEM € ydacTueM fgam, TPOUC-
XOJIUT B3AMMOIENCTBIAE PA3JIMIHBIX YACTOTHBIX KOMIIO-
menT cmekrpa KKM mexmy coboit B BHIE f?CM =

{QCM + fégCM. DTOT pE3yabTAT MOXKET ObITh WH-
TEPIPETUPOBAH KaK IPOSIBJIEHUE HEJMHEHHOTO B3au-
MOJIEMCTBUST OTJIEJbHBIX YacTOTHBIX KoMmoHeHT KKM
MeXKIy co0oil, a TakxKe C OOIMM aHcambJIeM MOJIBI,

9TO NPOSBJILAETCA B BHJIE II0JIOCHI (BBITAHYTOrO 00/1a-
Ka) TOYEK, UMEIOIIUX CTATUCTHYECKH 3HAYUMBIA KO-
dburment b2.

Pucynok 6e nokassiBaer, 4ro upu r/a = 0.57 moss-
JSeTcs CTATHCTHYECKH 3HAMUMEIN MUK b2 Ha UacToTax
(= fm2, fm2) B cieKTpax KojebaHUil MAIHUTHBIX CUTHA~
JIOB, UTO yKa3bIBAaeT HA TO, ITO 00JIACTH HAOJIIOIEHUS
muarsoctuku 3IITU npubimsmiack K MATHUTHOR 110-
BepxHOCTH ¢ = 2. PucyHok 6e Takke OKa3bIBaE€T, UTO
nyig marauTHoi koMmuoHeHThl KKM nabsomaercsa B3a-
UMOJIEIICTBYE PA3JUIHBIX YACTOTHBIX KOMIIOHEHT CIIEK-
tpa KKM na wacrore f2 = fRM 4 fQM yro, pos-
MO2KHO, YKa3bIBA€T Ha BJIMNAHUE BPAIIEHUS MATHUTHO-
ro octposa m/n = 2/1 na KKM, manpumep, mMomyis-
U0 9aCTOT MATHUTHBIX KBA3WKOTE€PEHTHBIX (DJIYKTya-
nmii. Takum 06pa30M yCTAHOBJIEHO, ITO MATHUTHAS KOM-
nouenTa kKosiebanuit KKM Ttak»ke MoXKeT yIacTBOBATH B
HEJIMHEITHOM B3aMMOJIEHCTBUMN C JAPYTUMU KPYITHOMAC-
MTaOHBIMU MOJAMHY ILJIA3MBI.

4. 3akmodyenue. B omuueckoil mira3me TOKaMaka
T-10 B crekTpax MArHUTHBIX KOJIeOAHIT, N3MEPEHHBIX
muarsocturoit 3IITU u M3 obHapyKeHbl OCIMILIATIAN
HA YaCTOTe KBA3WKOTE€PEHTHON MOJIbI KOJIeDaHUil 1ra3-
MBI. YCTAHOBJIEHBI CTATUCTUYECKH 3HAYUMBIE KOPPEJIs-
AU MEXKJIy MATrHUTHBIMU KOJIEOAHUSIMU, U3MEPEHHBI-
MU BHE KpaiiHeil 3aMKHYTO! MarHuTHOI IIOBEPXHOCTH,
U KoJIeDAHUSMU IIOTHOCTU U ILIABAIOIIErO IIOTEHIINA-
JIa TJIa3MbI, M3MEPEHHDBIX B mepudepuiinoit miasme Ha
JacTOTaX KBAa3WKOTePeHTHOI Mojbl. PazoBast CKOPOCTH
KBa3UKOIE€PEHTHBIX MATCHUTHBIX BO3MYINEHUI HAIPaB-
JIeHa B CTOPOHY 3JIEKTPOHHOI'O JMAMATrHUTHOTO Jpeii-
da, 9TO0 CoBIAIAET C HAIIPABJIEHUEM PACIPOCTPAHEHUS
KBA3UKOIE€PEHTHBIX BO3MYIIEHUN IIJIOTHOCTH IIJIA3MBI.
Jlnama3oHbl HOJOUIAJIBHBIX JJINH BOJH M MOIOBBIX Y-
CeJl MAarHUTHBIX KBA3UKOI€PEHTHBIX BO3MYIIEHUN COBITa~
JIAIOT C AHAJOTUYHBIMU [TapaMeTPaMU KBa3UKOIEPEeHT-
HBIX BO3MYyIIeHn# II0THOCTH. J[jisd MarHUTHO#N KOMIIO-
HEHTHI KBA3UKOI'€PEHTHOU MOJIbI YCTAHOBJIEHO TPEXBOJI-
HOBO€ B3aMMOJEHCTBUE C I'e0JIe3MIEeCKON-aKyCTHIeCKOI
mooit, ¢ MI'JI-TupwHr MO0 M = 2, a TaKKe MEXKIy
€€ Pa3IMIHBIMU YACTOTHBIMU COCTABJISIONIAMU.

Takum 06pa30oM, yCTAHOBJIEHO HAJUYNE MATHUTHOMN
KOMIIOHEHTHI KBA3UKOTE€PEHTHOI MO/l KOJIEOAHUI 11183~
MBI, YTO JeJIaeT €€ OJHUM U3 BUJIOB JIEKTPOMATHUTHON
TYpOYJIEHTHOCTHU IOpsiveil IIa3MBbl.

Asropsl 6iarogapsr C. A. I'pamuna, A. M. Kakypu-
ua, JI. B. Caperuesa, B. A. Kpynuna, H. A. ConoBbena,
M. P. Hyprasuesa, /I.B.PbpkakoBa, m Bech KOJIJIEK-
tuB T-10 3a COTPYIHUYIECTBO U IPEIOCTABJIEHUE JIAH-
HBIX OT/E/IbHBIX JIMATHOCTUK JJIs AHaJu3a, a TaK¥Ke
B. A. Bepmikosa u /. A. Illesryxuna 3a TOJIE3HBIE THC-
KYyCCHUU.
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Puc. 6. (HBGTHOI/I OH.TI&I/IH) CHeKprI 6I/IKOFepeHTHOCTI/I BBIYHCJIEHHDbBIC IIPU Pa3JIUIHBIX pa,,JI/Ia,.J'IbeIX MOJIOXKEHUSIX 00JIaCTH

uzmepennit 3IITU B miasme: (a), (c), (e) — b2(Car, Caz, Caz) 1

PdPuHaHCUpPOBaHUE

paborThl.

Hammast paboTa 3.

duHaHCHpOBAIACh 3a CUYET CPeAcTB Orokera Harmo-
HAJILHOTO HCCJIEI0BATEIHLCKOTO MeHTpa KypuaroBckuit

WHCTHUTYT, & TaKXKe, YaCTUIHO 3a CUYET CPEJCTB Oj- 4.

Keta HanmoHaabHOrO MCC/IEI0BATEILCOTO  SIIEPHOTO

. D.G. Whyteet,

ITucema B 2KOQT® Tom 119 Bpm. 11-12

yuuBepcutera MUDU, momosHUTETHHOE COTJIAITEHUE 5.
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